
From: William Benson
To: Robert Dyer
Subject: Oil spills update (Sunday)
Date: 05/18/2010 09:51 AM
Attachments: compiled biodeg of dispersant 5-16-10 pm.doc

I thought the attached was a nice write-up and shows your man, Mount, as a voice of
reason.  I think the NCCT folks are doing some screening and hope they don't get all
wrapped around the axle re: toxicity if the material is being tested in a form that
won't exist once used in the environment.

----- Forwarded by William Benson/GB/USEPA/US on 05/18/2010 09:50 AM -----

From: Michele Conlon/RTP/USEPA/US
To: Larry Reiter/RTP/USEPA/US@EPA, William Benson/GB/USEPA/US@EPA, Linda

Sheldon/RTP/USEPA/US@EPA
Cc: Hal Zenick/RTP/USEPA/US@EPA, Robert Dyer/RTP/USEPA/US@EPA, Emily

Smith/RTP/USEPA/US@EPA, Cynthia Sonich-Mullin/CI/USEPA/US@EPA, Lek
Kadeli/DC/USEPA/US@EPA, Paul Anastas/DC/USEPA/US@EPA, Rick Greene/GB/USEPA/US@EPA,
Christopher Zarba/DC/USEPA/US@EPA

Date: 05/16/2010 10:24 PM
Subject: oil spills update (Sunday)

Today's meetings & discussions were about the "EPA Independent Sampling Plan,"
Sample Analyses & Dispersant Biodegradation Rates

EPA Independent Sampling Plan:
Dana Tullis led a follow-on meeting with OW, OAR, OSWER and the Region 4 &
Region 6 Administrators for updates on the EPA Independent Sampling Plan
development.  Region 4 & 6 have been working closely to synchronize their sampling
plans so that they are using the same samples, frequency, and tests.  They plan to
issue combined sampling plans for Near-Shore and Deep Gulf, but may have separate
(though consistent) plans for Shoreline.  The plan for each zone will cover sampling
for air & water, including toxicity.  The Regions expect to complete their draft plans
by mid-Monday.   HQ will then develop an executive summary.

It was suggested that EPA compile a master list of our analytical capabilities, so that
the Agency & Regions can ensure we have adequate analytical capability to support
the EPA Independent Sampling Plan.  

Sample Analyses:
The ORD labs are continuing their analyses of the Correxit 9500 sample.  On Friday,
the Region shipped to us samples of source oil and weathered oil.  These samples
may be useful in the near future, in developing analytical approaches for longer-term
monitoring.  

BP plans to begin using another dispersant, called "Sea Brat 4."  The Region has
chemical profile information that they will share with ORD, and a sample of the
dispersant has been requested for analysis.  As with the Corexit samples, the
information and sample will be sent by Region 6 to NERL, and Michele will coordinate
distribution to the other ORD labs.  The team's initial thinking is that we will ask the
ORD labs to run the same tests on the Sea Brat sample that were run on Corexit
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Compilation of narrative info on Dispersant Degradation – as of 5/16/10 at 4:53pm


Information from Correxit 9500 & 9527 MSDS (not CBI):


9500:


Distillates, petroleum, hydrotreated light       10-30% (w/w)   CAS# 64742-47-8


Organic sulfonic acid salt                          
10-30% (w/w)   proprietary


Propylene Glycol                                       
1-5% (w/w)      
CAS#  57-55-6 


9527:


2-Butoxyethanol                                      
30-60% (w/w)   CAS#  11-76-2


Organic sulfonic acid salt                      
10-30% (w/w)   proprietary


Propylene Glycol                                     
1-5% (w/w)       CAS#  57-55-6


1.  Narrative from Al Venosa, Cincy/NRMRL, sent 5/15/10 at 12:46pm

Yes, I published an article in Marine Pollution Bulletin in 2007 on the biodegradation of dispersed oil at both 5 and 20 °C. It is attached to this message. The abstract is copied and pasted below for a quick summary. The oil used was Prudhoe Bay crude (PBC), a medium-weight oil slightly different in physical properties from S. Louisiana crude (SLC). We evaluated two disperants from the NCP Product Schedule, Corexit 9500 and JD2000, at a DOR (volumetric dispersant-to-oil ratio of 1:25). To create conditions that would provide unequivocal results in accord with the NRC report of 2005, we first dispersed the oils in baffled flasks, then separated the dispersed oil from the non-dispersed oil and used only the dispersed oil for the biodegradation experiments. If you don't separate dispersed oil from the total system, you cannot reach proper conclusions on biodegradation of dispersed oil per se (i.e., results would be confounded by the non-dispersed oil). We also repeated the experiments using a more dilute system (1:10 dilution of dispersed oil). 


Abstract: Laboratory experiments were initiated to study the biodegradability of oil after dispersants were applied. Two experiments were conducted, one at 20°C and the other at 5°C. In both experiments, only the dispersed oil fraction was investigated. Each experiment required treatment flasks containing 3.5% artificial seawater and crude oil previously dispersed by either Corexit 9500 or JD2000 at a dispersant-to-oil ratio of 1:25. Two different concentrations of dispersed oil were prepared, the dispersed oil then transferred to shake flasks, which were inoculated with a bacterial culture and shaken on a rotary shaker at 200 rpm for several weeks. Periodically, triplicate flasks were removed and sacrificed to determine the residual oil concentration remaining at that time. Oil compositional analysis was performed by gas chromatography/mass spectrometry (GC/MS) to quantify the biodegradability. Dispersed oil biodegraded rapidly at 20°C and less rapidly at 5°C, in line with the hypothesis that the ultimate fate of dispersed oil in the sea is rapid loss by biodegradation.


The screenshot below summarizes all the results in one figure. It shows the first-order biodegradation rate constants for all conditions tested (no dispersant, C9500, and JD2000 for Total Alkanes and Total PAHs). You can see clearly that biodegradation rates are significantly lower at 5 °C compared to 20 °C. Comparing Figs. 1 and 3 indicates that the ultimate extent of  biodegradation is similar for all conditions regardless of the rates.  
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2.  Narrative from David DeMarini, RTP/NHEERL, sent 5/15/10, 3:57pm

The information Al just provided is directly from his paper.  No one that I can tell (including Al) has looked at the degradation of the dispersant itself.  That information is largely missing from the literature as best as I can tell. If dispersant is still present in Alaska after 20 years, then that is one real-world experiment in a colder climate than that of the Gulf, and it indicates that some of the dispersant used there is still around.  


I see the e-mail below from Al Venosa, and I have read his paper.  I have also looked in the literature.  I cannot really find any papers on the degradation of Corexit itself.  Al's paper indicates that the initial rate of degradation of the PAHs in the oil is faster when Corexit 9500 is applied, but that over time, the oil alone (no Corexit added) catches up and by the end, the PAH levels are reduced to similar levels in the two oils.  So, Corexit, in the end, doesn't particularly make much of a difference in terms of the degradation of the OIL.  His paper doesn’t have anything to say about the degradation of the Corexit itself--nor do any other papers that I can find.


I attach here the National Research Council (NRC) 2005 report titled "Committee on Understanding Oil Spill Dispersants:  Efficacy and Effects."  It was generated by the National Academy's Ocean Studies Board.  They have clearly summarized everything that was known about dispersants as of 2005 (not much has changed since then


With regard to the table that Cindy assembled, I cannot comment.  It does appear that most of these components of Corexit degrade within a few weeks or months.  (I would argue that months is "fast" when we are talking about this issue.)  If there is still dispersant up in Alaska, then there is the experiment--some of it lasts for 20 years or more.  Also note that Al's paper clearly shows that the warmer the water, the faster and more complete the degradation of the PAHs in the oil.  The Gulf is much warmer than Alaska, so the various components should degrade faster in the Gulf than in Alaska.


3.  Information from Richard Devereux, GB/NHEERL, sent 5/16/10 at 1:38am 


Richard forwarded 2 documents: (See attached file: Prelim Biodeg Rates.doc) (See attached file: Dispersant Biodeg Summary.doc)

4.  Information from Dave Mount, Duluth/NHEERL, sent 5/16/10, 12:30pm

Thus far I've been looking at the toxicity side of this rather than degradation.  It's also important to point out my knowledge is in ecotox not HH.  Finally, I have not yet seen the referenced paper from the post-Exxon Valdez study showing persistence of dispersants.


With those as caveats, it is important to keep in mind that risks arising from persistence -- as in being able to find a chemical in the environment -- must be tempered with whether the chemical is still likely to elicit effects in the form in which it persists.  From an ecotox perspective, what I've been able to find thus far supports my gut hunches --that the toxicity of dispersants is likely related to the "detergent-type" components, rather than things like propylene glycol which I believe are there primarily to aid in getting the "detergents" to do their job.  These "detergent" compounds are generally very large molecules, and are not very likely to be taken up directly by aquatic organisms.  Instead, their potency is almost certainly due to their surface action on respiratory membranes (e.g., gills).  In loose terms, respiratory membranes of aquatic organisms are subject to the same "dispersant" action that oil is.  However, the characteristics that make these compounds interact with oil can also cause them to interact with other environmental compartments, such as natural organic matter.  If they expend their "detergent" properties binding with these other materials, they are unlikely to cause toxicity to aquatic organisms, even if they persist chemically in the environment.


As an extreme example, consider heavy metals.  They never degrade, but they can exist in the environment in forms that present little risk.


I'm not saying that I currently know for a fact that the above makes potential persistence relatively unimportant, I'm just offering it as a caution that concerns over persistence need to be considered in the context of other factors that are likely to influence the associated risk of compounds that do persist.  Given that we are in a position of trying to select "the least bad" of our options, I would be concerned if the strong reaction that the word "persistent" generates caused us to make unbalanced decisions.


5.  Narrative from John Wilson, Ada/NRMRL, sent 5/16/10, 2:57pm

As the dispersed oil is diluted and distributed in sea water, these materials will leach out of the oil droplets back into  the sea water.  In sea water with oxygen concentrations high enough to support fish and other large sea life, these materials should be readily degraded.  


The materials in the dispersants are reasonably water soluble, and would not be expected to be "magnified" up the marine food chain. 


As the droplets of dispersed oil are physically and biologically weathered (depleted of the more water soluble components) they will probably become more dense than water and will fall to the sea floor and become part of the bed sediments.  The droplets also become  heavy because they tend to accrete particles of silt and clay.  At this point the content of dispersant in the droplets will likely be low.   I am more concerned about the natural components of the heavy crude, in particular the carcinogenic polynuclear aromatic hydrocarbons.  


As  long as the pore water surrounding the sediments has concentrations of molecular oxygen above about 3 mg/L, aerobic biodegradation of the petroleum components will occur on the outside of the droplets.  The rate constants that Dr. Venosa provided would be the best place to start to predict the persistence of the dispersed oil over time, in the water column or in sediment with adequate concentrations of oxygen. 


When enough oil droplets are buried deep enough, oxygen will be exhausted and the only plausible mechanism for biodegradation is sulfate degradation supported by dissolved sulfate in sea water and iron reduction supported by iron(III) minerals in the sediments.  This will be slower, and degradation under sulfate reducing and iron reducing conditions has been documented for relatively few of the carcinogenic polynuclear aromatic hydrocarbons.  Once the sulfate and iron(III) is exhausted, biodegradation will be very slow if it occurs at all.


In regions of the Gulf where the droplets of oil accumulate in the sediments at such concentrations that oxygen and sulfate are consumed and are no longer available to support biodegradation,  petroleum constituents such as the carcinogenic polynuclear aromatic hydrocarbons could persist for decades to hundreds of years. 


On toxicity – Info from David DeMarini, RTP/NHEERL, sent 5/06/10:


There are two formulations of Corexit for which there is substantial toxicological data:  Corexit 9500 and Corexit 9527A.  They are similar except the 9500 contains petroleum distillates, whereas 9527 contains 2-butoxyethanol.  My understanding is that 9500 is being used, so the bullets below refer to 9500; however, my sense of the literature is that the toxicology of the two formulations is rather similar.


1.  Both Corexit 9500 and 9527 have low to moderate toxicity to most adult aquatic species in laboratory tests but highly toxic to fish eggs and embryos.  


2.  Neither Corexit formulations are mutagenic in bacteria, nor do they produce mutagenic urine in rats exposed orally to the dispersants.


2.  In humans, Corexit can cause skin irritation if there is dermal exposure, and it will cause lung irritation if inhaled (because it will dissolve the protective mucous).  If ingested orally, rodent studies show that Corexit can cause gastric irritation.


3.  If appropriate protective equipment is used, Corexit should not be harmful to people dispersing it.


4.  The toxicity of Corexit to aquatic organisms in field applications would be negligible compared to the toxicity of the oil itself.  However, the dispersant shifts the risk away from the shore and more to the open water.  With dispersant, the oil slick is broken into drops that disperse in the water column.  Thus, with the dispersant, the toxicity of the oil is great to aquatic life in the water column; without the dispersant, the toxicity of the oil is great to aquatic organisms on the shore--plus the attendant issues associated with oil washing up on shore.


5.  Weathered oil + Corexit was less toxic than or of equal toxicity to the oil alone based on assessment of the non-volatile fraction of the oil hydrocarbons.   The highly volatile fraction of oil is highly toxic.


6. With regard to the 2-butoxyethanol, which is in Corexit 9500, a U.S. EPA IRIS assessment shows that humans exposed to 2-butoxyethanol orally incurred no permanent health effects but did experience some reversible change in blood cell status.  Also, 2-butoxyethanol is not significantly toxic to the reproductive organs of experimental animals.  The reference concentration (RfC), which is the concentration below which there would likely be no adverse pulmonary health effects in humans breathing 2-butoxyethanol is 1.6 mg/cubic meters of air.


		The data below are from a lab study. The rates and half-lives would likely by less in the field. 



		 

		 

		 

		 

		 

		 

		 

		 



		1st Order Biodegradation Rate Constants Published for Dispersed Oil (Prudhoe Bay Crude oil)



		Reference: Venosa, A.D. and E.L. Holder. 2007. "Biodegradability of dispersed crude oil at two



		different temperatures," Marine Pollution Bulletin 54: 545-553. 
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		Rate Constants, day-1

		 

		 

		 

		 

		 

		 



		Dispersant

		Total Alkanes, day-1

		Total PAHs, day-1

		 

		 

		 



		

		20 ° C

		5 ° C

		20 ° C

		5 ° C

		 

		 

		 



		None

		0.17

		0.073

		0.13

		0.052

		 

		 

		 



		Corexit 9500

		0.66

		0.138

		0.19

		0.057

		 

		 

		 



		JD2000

		0.21

		0.156

		0.15

		0.116

		 

		 

		 



		 

		 

		 

		 

		 

		 

		 

		 



		Half-Life, days

		 

		 

		 

		 

		 

		 



		Dispersant

		Total Alkanes, days

		Total PAHs, days

		 

		 

		 



		

		20 ° C

		5 ° C

		20 ° C

		5 ° C

		 

		 

		 



		None

		4.08

		9.49

		5.33

		13.33

		 

		 

		 



		Corexit 9500

		1.05

		5.02

		3.65

		12.16

		 

		 

		 



		JD2000

		3.30

		4.44

		4.62

		5.97

		 

		 

		 



		

		

		

		

		

		

		

		





		I - 9500

		

		

		



		

		Ready Biodegradradability Prediction

		Anaerobic Model Prediction

		Ultimate Biodegradation Timeframe



		Petroleum distillates, hydrotreated light 64742778

		Yes

		Does not biodegrade fast

		Days-weeks



		Propylene glycol

		Yes  

		Biodegrades fast

		Days weeks



		Organic sulfonic acid salts

		?

		?

		?



		A   

		No

		Does not biodegrade fast

		Weeks



		B   

		Yes

		Biodegrades fast

		Weeks



		C   

		No

		Does not biodegrade fast

		Recalcitrant



		D   

		Yes

		Does not biodegrade fast

		Days-weeks



		

		

		

		



		II - 9527

		

		

		



		2-butoxyethanol

		Yes

		Does not biodegrade fast

		Days-weeks



		Propylene glycol

		Yes

		Biodegrades fast

		Days-weeks



		Organic sulfonic acid salt

		?

		?

		?



		E

		Yes

		Biodegrades fast

		Weeks



		F   

		No

		Does not biodegrade fast

		Recalcitrant



		G   

		Yes

		Does not biodegrade fast

		Days-weeks



		H   

		No

		Does not biodegrade fast

		Months





Estimated Half-life


		

		Aerobic

		Anaerobic



		Propylene glycol

		13.6 d

		Fast (no slower than organic matter)



		2-butoxyethanol

		7-28 days

		Very slow if at all (?)



		Organic sulfonates (detergent; depends on structure) For linear alykylbenzene sulfonates

		7 days

		~ 100 days





Propylene glycol  






West et al. report half-life time in seawater (from Gulf of Mexico) 13.6 days. 


Degraded efficiently aerobically, high BOD. Should turn over in sediments with similar efficiency as normal organic matter.   Negligible soil sorption. Fermentable to propionate, then acetate.  Degraded anaerobically with Fe and Mn oxides, and sulfate as electron acceptors. 


Adrian, N.R. and C.M. Arnett.  2007.  Anaerobic biotransformation of explosives in aquifer slurries amended with ethanol and propylene glycol.  Chemosphere 66, 1849-1856. 


Bielefeldt, A.R., T. Illangasekare, M. Uttecht, R. LaPlante, 2002. Biodegradation of propylene glycol and associated hydrodynamic effects in sand. Water Res. 36: 1707-1714.


Qatibi, A.L., J.L. Cayol, J.L Garcia.  Glycerol and propanediols degradation by Desulfovibrio alcholovorans in pure culture in the presence of sulfate, or in syntrophic association with Methanospirillum hugatei.  FEMS Microbiol. Lett. 85: 233-240.


West, R.J., J.W. Davis, L.H. Pottenger, M.I. Banton, C. Graham. Biodegradability relationships among propylene glycol substances in the organization for economic cooperation and development ready- and seawater biodegradability tests.


2-butoxyethanol.  



Surface water half life 7 days to four weeks (Howard et  al., 1991)


Haven’t been able to locate specific information of degradation of 2-butoxyethanol under anaerobic conditions.  However, ethers (ethyl, propyl, etc.), other than MTBE, did not appear to undergo anaerobic biodegradation (Mormile et al., 1994).  


Howard, P.H, R. S. Boethling, W.F. Jarvis, W.M. Meylan, E.M. Michalenko. 1991.  Handbook of environmental degradation rates. Chelsea, MI.  Lewis Publishers, Inc.


Mormile, M.R., S. Liu and J.M. Suflita.  1994.  Anaerobic biodegradation of gasoline oxygenates: extrapolation of information to multiple sites and redox conditions.  Environ. Sci. Technol. 28: 1727-1732.


Organic sulfonic acid salts are most likely the detergent components of the dispersant. The left ends probably would look the same.


[image: image4.emf]

Linear Alkylbenzene sulfonates (LAS) are common, household detergents, readily biodegradable (Boethling et al., 2007).  Half-life seawater 25 °C  0.3-1.4 days, 3.2 to 6.7 days at 10 °C (inoculated with seawater receiving detergent waste water) (Leόn, et al., 2004).  Anaerobic degradation in sulfate-reducing conditions can be up to 79% in 165 days (Lara-Martín et al., 2010).  However, the branching structures can significantly make detergents resistant to biodegradation.  The tetrapropylenebenzenesulfonates (TPBS) are not easily degraded.


Boethling, R.S.,  E. Sommer, D. DiFiore. 2007.  Designing small molecules for biodegradability.  Chem. Rev. 107:2207-2227.  (authors with EPA OPPT).


Lara-Martín, P.A., A Gόmez-Parra, J.L. Sanz, and E. Gonzálex-Mazo. 2010.  Anaerobic degradation pathway of linear alkylbenzene sulfonates (LAS) in sulfate-reducing marine sediments.  Environ. Sci. Technol. 44:167-1676.


Leόn, V.M., A Gόmez-Parra, E. Gonzálex-Mazo. 2004.  Biodegradation of linear alkylbenzene sulfonates and their degradation intermediates in seawater. Environ. Sci. Technol. 38: 2359-2367.




9500.   [Cindy heard that BP is also considering using a dispersant called JD2000.]  

Dispersant Biodegradation Rates:
Today we received a bit more information responsive to Mathy's request for
biodegradation rates of the dispersant, oil, and mixture.  Experts from NERL, NHEERL
& NRMRL each reviewed the science & literature, and provided substantive,
responsive information.  Chris & Michele have compiled the information, and Chris is
planning to distill the key points into a fact sheet/Q-A document on Monday.  
Attached is a compilation of the responses, without editing or synthesis.  [It may be
worth noting that this weekend's dispersant biodegradation review focused on Corexit
9500 and 9527, which were used to address the Exxon Valdez spill.  Much of the
information provided this weekend addresses dispersants, generally, and would
therefore also apply to Sea Brat 4 and JD2000.]         

Thanks,
Michele

><><><><><><><><><><><><><><><><><><><><><><
Michele Aston Conlon
Assistant Laboratory Director
U.S. EPA, National Exposure Research Laboratory
Phone:  919-541-2766
Fax:       919-541-7588


